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© The invention is an endothelial cell procurement 
and deposition kit for collecting fat from a patient, 
processing said fat to produce an endothelial cell 
deposition product, and depositing said product on 
the surface of a graft, all under sterile conditions 
established and maintained within the components of 
said kit comprised of: fat collection means for col- 
lecting subcutaneous fat from a patient: digestion 
means connectable to said fat collection means to 
maintain sterility during reception of said fat and for 
retaining said fat under sterile conditions during rins- 
ing and digestion to produce a digested product; 
endothelial ceil isolation means connectable to said 
digestion means for maintaining sterile conditions 



during reception of said digested product and for 
separating and isolating microvessel endothelial cells 
from said digested product to produce an endothelial 
cell product; cell deposition means connectable to 
said isolation means for maintaining sterile condi- 
tions during reception of said endothelial cell product 
and for depositing said cells on the surface of a graft 
to be implanted in a patient and facilitating implanta- 
tion of said endothelial graft into a patient. An en- 
dothelial cell deposition device for supporting the 
graft during deposition of endothelial cell product 
onto the graft under sterile conditions, maintaining 
sterility during the cell deposition process, and facili- 
tating graft placement is provided. 
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While autologous vein remains the graft of 
choice, advanced vascular disease and prior sur- 
gical intervention limit the availability of autologous 
grafts. The use of synthetic grafts provides a 
means for restoring blood flow to ischemic areas 
when no alternative is available. Over the past 
three decades, artificial grafts have been used to 
provide immediate restoration of blood flow to 
areas of ischemia as a result of atherosclerotic 
vascular disease, in addition, they have been used 
to provide vascular access for hemodialysis in pa- 
tients with chronic renal failure, and in the repair of 
arterial aneurysms. Although initially successful in 
restoring perfusion to ischemic tissues, the long 
term prognosis for these grafts is not encouraging. 
Commercially available grafts are far from ideal 
due to their inherent thrombogenicity. Over an ex- 
tended period of time, grafts less than 4 mm in 
diameter lose their patency as they become oc- 
cluded via fibrin deposition and cellular adhesion. 
This process appears to be secondary, and to be 
due in part to the thrombogenic nature of the nude, 
i.e., nonendothelialized, surface of an implanted 
prosthesis. See Berger et al. f "Healing of Arterial 
Prostheses in Man: it's Incompleteness". Ann. 
Surg. 175: 118-27 (1972). Thus, much current re- 
search is being focused on lining prostheses with 
human endothelial cells, in the hope of producing a 
non-thrombogenic endothelial cell surface such as 
exists in native human vessels. In dogs, seeding of 
endothelial cells onto both small and large diameter 
grafts have been shown to result in a complete 
endothelial cell lining in between 1-4 months. Since 
vascular endothelium is said to represent a unique 
non-thrombogenic surface, endothelial cells are re- 
ported to be "the first logical choice for lining small 
diameter vascular grafts". The transplantation of a 
functional endothelial cell lining onto the surface of 
a vascular graft has proven to increase patency 
rates and decrease thrombus formation on the flow 
surface in animal models. Past and present studies 
have focused on the isolation of large vessel en- 
dothelial cells from vein segments, with the subse- 
quent seeding of these cells on the graft lumenal 
surface. Tissue culture advances have also made 
the generation of large numbers of endothelial cells 
for high-density seeding on vascular prosthesis 
possible. These techniques have major drawbacks 
in the clinical setting. Endothelialization occurs at a 
slow rate when low density seeding techniques sire 
applied. High-density seeding, using cultured en- 
dothelial cells requires the use of undefined media, 
not easily applicable to the clinical setting. 

It has been recognized that human micro- 
vascular endothelial cells i.e., the cells which are 
derived from capillaries, arterioles, and venules, will 
function suitably in place of large vessel cells even 
though there are morphological and functional dif- 
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ferences between large vessel endothelial cells and 
microvessel endothelial cells in their native tissues. 
Microvascular endothelial cells are present in an 
abundant supply in body tissue, most notably in fat 

5 tissue, and may be used to establish a degree of 
preimplantation confluence, i.e., at least 50%, 
which should dramatically improve the prognosis of 
most implants. For purposes of further description, 
fat tissue is designated as the exemplary source of 

10 microvascular endothelial cells, but it is recognized 
that endothelial cells from other tissues may be 
used as well. 

To overcome the problems associated with 
seeding large vessel endothelial cells on prosthetic 

is grafts, methods for the isolation of microvessel 
endothelial cells from autologous adipose tissue 
followed by high density seeding of a vascular 
prosthesis were developed. 

Although microvessel endothelial cells have 

20 been shown to be capable of endothelializing a 
blood-contacting surface, methods of procuring and 
depositing these cells in an operating room setting 
present special considerations. A vascular graft or 
other implant is treated to confluence using micro- 

25 vascular endothelial cells which are separated from 
fat which is obtained at the beginning of an uninter- 
rupted surgical procedure. Fat tissue is removed 
from the patient after sterile conditions have been 
established. Microvascular endothelial cells in that 

30 fat are then quickly separated from their related 
tissue by enzymatic digestion and centrifugation, 
and are used to treat a surface which is then 
implanted in the patient during the latter stages of 
the same operation. This procedure permits a pa- 

35 tient to receive a graft which has been treated up 
to or above confluence with his own fresh endothe- 
lial cells. 

The microvascular rich tissue obtained is peri- 
nephric fat, subcutaneous fat, omentum, or fat as- 

40 sociated with the thoracic or peritoneal cavity. This 
tissue is then subjected to digestion using a prot- 
eolytic enzyme such as collagenase, comprising 
caseanase and trypsin, which is incubated with the 
tissue until the tissue mass disperses to produce a 

45 tissue digest. The microvascular endothelial cells 
are then separated from the digest using low speed 
centrifugation to produce an endothelial cell rich 
pellet. The pellet is washed with a buffered saline 
solution. The resulting microvascular endothelial 

so cells are then preferably suspended in a buffered 
saline solution containing plasma protein, prefer- 
ably about 1% plasma protein. This suspension, 
which comprises, on a volumetric basis, a pellet to 
solution ratio of 1:5 to 1:15, or preferably about 

55 1:10, is then used to treat the surface by incubating 
ceils with that surface until sufficient adherence of 
the microvascular endothelial cells to that surface 
occurs to provide at least 50% confluence. As a 

3 
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result, an improved graft implant is provided having 
endothelialized surfaces which are either confluent, 
or which reach confluence quite rapidly (within one 
population doubling) following implantation. 

Implants which can be treated to produce such 
an endothelial cell lining include but are not limited 
to, for example, intravascular devices such as artifi- 
cial vascular prostheses, artificial hearts, and heart 
valves. The herein disclosed kit and methods for 
endotheiializing surfaces can be used for surfaces 
composed of known synthetic materials such as 
polyester, polytetrafluoroethylene, or naturally oc- 
curring materials, such as umbilical vein, saphe- 
nous vein, and native bovine artery. 

Methods currently used employ standard lab- 
oratory equipment such as beakers, flasks, cen- 
trifuge tubes, shaker baths, pipettes, syringes, ster- 
ile hoods. In the method disclosed by Jarrell and 
Williams, the donated tissue is immediately trans- 
ferred to ice cold buffered saline (pH 7.4) wherein 
the buffering agent is preferably a phosphate, i.e., 
a phosphate buffered saline (PBS). The tissue is 
minced with fine scissors and the buffer decanted. 
The proteolytic enzyme collagenase, containing 
caseanase and trypsin, it added to the tissue and 
incubated at 37 degrees C until the tissue mass 
disperses. The digestion occurs within 30 minutes 
and generally should be less than 20 minutes. The 
digest is transferred to a sterile test tube and 
centrifuged at low speed (700 x g) in a table top 
centrifuge for 5 minutes at room temperature. The 
pellet of cells thus formed consists of greater than 
95% endothelial cells. These endothelial cells are 
described herein as microvascular endothelial cells 
(MEC) since they originate from the arterioles, cap- 
illaries and venules, all elements of the micro- 
vasculature. The MEC pellet is washed 1 time by 
centrifugation with buffered saline, preferably PBS. 
The MEC suspension is then preferably pelletized 
by centrifugation (200 x g) and the pellet resuspen- 
ded with protein containing buffer solution. This 
resuspension should be performed at a ratio of 
approximately 1:5 to 1:15 or about 1:10 volumes of 
packed microvascular endothelial ceils to buffer 
solution. The cell suspension is added to tubular 
grafts and the ends clamped, or the cells layered 
upon the surface to be treated. Optimum periods 
for cell interaction vary upon the material of the 
prosthesis, the nature of any pretreatments it may 
have received and whether the surface of the pros- 
thesis has been modified to improve its acceptance 
of the MEC. Following incubation for a sufficient 
time to permit adherence of the endothelial cells 
with the prosthesis surface, the surface is washed 
with a protein containing buffer. The prosthesis is 
then implanted in its normal manner. In Williams 1 
and JarrelPs Patent No. 4,820,626 and related ap- 
plications, methods of treating a graft surface with 
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endothelial cells are disclosed. According to those 
methods, subcutaneous adipose tissue is aspirated 
via a cannula and transferred by vacuum into a 
mucous trap. The trap is then transferred to a 
5 sterile hood for further processing. Adipose tissue 
is transferred to a sieve inside a funnel which is 
placed in a sterile beaker. A rinsing solution is then 
poured over the tissue to remove red blood cells 
and lysed fat. -The tissue is manually poured into a 
10 sterile Erlenmeyer flask containing collagenase so- 
lution and agitated at 37* C. for 20 minutes. The 
collagenase slurry is manually poured into sterile 
conical centrifuge tubes and spun for seven min- 
utes at 700 x 6. The endothelial cells are. then 
rs pipetted out of the tube. A graft is tied to a male 
luer extension and secured within a tube. The cells 
are resuspended in serum protein media and 
drawn into a syringe, using a needle and a syringe, 
the cells are forced into the lumen of the graft. The 
20 graft is manually rotated for 2 hours. 

In spite of these advances, a need still exists 
for a simple, reliable method of producing endothe- 
lial cell coatings on a graft in an operating room 
setting. The present invention provides for the iso- 
25 lation of large quantities of endothelial cells which 
can be readily performed in an operating room. 
While endothelial cells can be isolated from tissues 
other than fat, such as brain, lung, retina, adrenal 
glands, liver and muscle, the use of fat tissue as 
30 the source of the cells is preferred due to its 
abundance and availability, and due to the fact that 
its removal should not adversely affect the patient 
being treated. Although less preferred, it is possible 
to obtain human perinephric fat from brain-dead 
35 but heart beating cadaver donors, or from donors 
other than the patient during the donors surgery. 
The isolated endothelial cells are then deposited on 
a graft for implantation. 

The present invention provides a simple, reli- 
40 able kit for producing an endothelialized graft using 
microvascular endothelial cells harvested from the 
patient who is to receive that graft. The subject kit 
is designed to isolate endothelial cells from human 
fat, to process that fat to produce a cell deposition 
45 product, and to deposit that product on the surface 
of a graft, all under sterile conditions established 
and maintained within the components of the kit. 
The kit is a closed system which lessens the 
likelihood of contamination and reduces the amount 
so of labor required and user error. 

Accordingly, a primary object of the present 
invention is the provision of a kit for producing 
endothelialized grafts for implantation in humans. 
Another object of the present invention is the 
55 provision of a system which establishes and main- 
tains sterility of harvested autologous endothelial 
cells during processing procedures required to pro- 
duce the implantable endothelialized vascular graft. 

4 . 
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These and other objects of the present inven- 
tion will become apparent from the following, more 
detailed description and is illustrated in its specific 
embodiment in the accompanying drawings. 

Figure 1 is a schematic of the fat collection unit 
which is used to collect fat containing micro- 
vascular endothelial cells from the patient to 
receive the graft, which fat is ultimately col- 
lected into a fat collection device; 
Figure 2 is a schematic of the digestion unit, 
wherein the digestion device is shown in associ- 
ation with the fat collection device of the fat 
collection unit of Figure I, which unit is used to 
produce a digestion product which is transferred 
to the endothelial cell isolation device, also 
shown in Figure 2; 

Figure 3 is a diagram of the endothelial cell 
isolation unit; 

Figure 4 is a diagram of the vascular graft 
processing unit and the endothelial cell deposi- 
tion unit illustrating the components which pro- 
duce the endothelial cell product and which 
transfer that product for deposition on a vascular 
graft; 

Figure 5 is a cross-section, on a greatly en- 
larged scale, of the fat collection device of Fig- 
ure 1; 

Figure 6(a) is a longitudinal cross-section, in a 
greatly enlarged scale, of the digestion device of 
Figure 2; 

Figure 6(b) is a bottom view, in a greatly en- 
larged scale, of the digestion device of Figure 2; 
Figure 6(c) is a top end view, in a greatly 
enlarged scale of the digestion device of Figure 
2; 

Figure 7(a) is an enlarged front view of the 
endothelial cell isolation device of Figure 2; 
Figure 7(b) is an enlarged side view of the 
endothelial cell isolation device of Figure 2; 
Rgure 8 is a diagrammatic cross section of the 
process tube assembly, shown in Rgure 4 with- 
in the endothelial ceil deposition unit, which pro- 
cess tube assembly is used to introduce the 
endothelial cell product onto the interior surface 
of the graft lumen; 

Rgure 9 is an enlarged diagrammatic cross- 
section of the inner and outer process tubes of 
the vascular graft processing unit illustrated in 
Figure 8; 

Figure 10 is a greatly enlarged side view of the 
components of the inner process tube of Rgure 
9; 

Rgure 1 1 is a greatly enlarged side view of the 
components of the outer process tube of Figure 
9; 

Rgure 12 is a bar graph showing the average 
endothelial cell density achieved per section of 
processed graft for the grafts processed using 
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the preferred kit of the present invention and 
those using prior art methods; 
Rgure 1 3 is a scanning electron micrograph of a 
graft processed with the preferred kit of the 

5 present invention. 

Rgure 14 is a longitudinal cross-section, in a 
greatly enlarged scale, of the preferred embodi- 
ment of the endothelial cell deposition device. 
In accordance with the preferred methods of 

10 the present invention, subcutaneous fat is removed 
from the patient using modified liposuction tech- 
niques and transferred to a self-contained, closed 
device where the fat can be stored under sterile 
conditions until needed. The fat is sterilely trans- 

75 ferred to a digestion device where it is automati- 
cally washed initially to remove red blood cells and 
other debris, followed by a controlled collagenase 
digestion for 20 minutes at 37* C. The fat slurry is 
then transferred to an endothelial cell isolation de- 

20 vice, again under sterile conditions, where endothe- 
lial cells sediment into an isolation device, allowing 
automatic retrieval of the isolated endothelial cells. 
The cell suspension is then sterilely transferred to 
a processing unit wherein the cells are rapidly 

25 filtered onto the graft surface under sterile con- 
ditions. The endothelial cell isolation and deposition 
process requires only about 40 minutes for com- 
pletion using the kit described herein. Following an. 
incubation period, the graft is ready for implantation 

30 into the patient. In paired comparisons between the 
kit and the methods practiced previously, equiv- 
alence and reproducibility in the number of isolated 
endothelial cells and adherence of the cells to graft 
surface have been observed. The system yields 

35 endothelial cell product in numbers acceptable for 
subsequent high density seeding (range 5.14 x 10 6 
to 4.24 x 10 7 cells from 50 ccs of fat) and adher- 
ence to the graft surface. The kit deposits cells 
. . along the entire length and diameter of the graft 

40 consistently, with no significant difference in cell 
concentration as compared by analysis of variance. 
Significant advantages of the kit include 1) closed, 
sterile fluid path; 2) minimal user input; 3) compati- 
bility with an operating room environment; 4) op- 

45 timization of the conditions to a highly reproducible 
process from patient to patient. 

The system consists of five primary sub* 
systems: 1) fat collection unit (see Rgure 1); 2) 
digestion unit (see Rgure 2); 3) endothelial cell 

50 isolation unit (see Rgure 3); 4) vascular graft pro- 
cessing unit (see Rgure 4); and 5) endothelial cell 
deposition unit (see Rgure 4). 

The fat collection unit (Rgure 1) collects sub- 
cutaneous fat tissue sample from a patient. The 

55 components include: in-flow tubing (12), fat collec- 
tion device (14), vacuum tubing (15), aspiration 
cannula (10) and an aspiration pump (15). The 
aspiration pump (15) is used to suction subcutane- 

5 
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ous fat tissue from the patient through the cannula 
(10) and in-flow tubing (12) and into the fat collec- 
tion device (1 4). 

The fat collection device is shown in Figure 5. 
It consists of a cylindrical chamber (54) with two 
vacuum line ports at the top (59 and 61) and an 
outlet port (60) at the bottom connected to a two- 
way stopcock (62). A plunger rod (57) passes 
through the top of the chamber and is connected to 
a syringe-like stopper (56). The stopper has two 
holes through which vacuum line ports (59 and 61) 
pass. When the plunger is in the "down" position, 
a flexible rubber diaphragm (58) covers the bottom 
of the stopper and the holes. When the plunger is 
in the "up" position, the rubber diaphragm (58) is 
pushed away from the bottom of the stopper by the 
vacuum line ports (59 and 61) thus opening com- 
munication between the inside of the chamber and 
the vacuum lines (12 and 15). In order to use the 
device, it must be placed in line with the vacuum 
line of a liposuction system by using the elbow 
connectors (63 and 65). In addition, the plunger rod 
must be in the "up" position. During liposuction, 
the device acts as a catch trap for the fat tissue. 
After the appropriate amount of fat is collected, the 
vacuum line elbow connectors (63 and 65) are 
disconnected and the plunger rod (57) is pushed 
down. The rubber diaphragm (58) assumes its 
original position covering and sealing the bottom of 
the stopper as it forces the fat tissue out of the 
outlet port. The subject device serves two func- 
tions: to collect fat and facilitate transfer to the 
digestion to the digestion unit in a sterile manner. 

The digestion unit (Figure 2) rinses the fat 
tissue sample with rinse solution and digests it with 
the enzyme collagenase. The components include: 
digestion device (16), waste vessel (32) endothelial 
cell isolation device (30). digestion stand (17). col- 
lagenase solution IV bags/sets (20 and 22), rinse 
solution IV bags/sets (21 and 24) control box (27) 
for temperature and fluid transfer controls and sys- 
tem vacuum source, assorted tubing connectors, 
air filters, valves. The fat tissue is manually trans- 
ferred from the fat collection device (14) through a 
closed line into the digestion device (16). The fat 
tissue is rinsed therein with rinse solution intro- 
duced into the chamber from the rinse solution IV 
bags/sets (21 and 24). The rinse solution is drained 
from the chamber into the waste vessel (32) after 
rinsing is completed. The collagenase solution is 
then transferred from the collagenase solution IV 
bags/sets (20 and 22) into the digestion device 
(16). Digestion of the fat tissue by the collagenase 
solution occurs while the mixture is agitated with 
filtered air and heated to 37* C. The digested fat 
tissue "and collagenase solution mixture is then 
vacuum transferred into the endothelial ceil isola- 
tion device (30) for further processing. 



The digestion device is shown in Figure 6. It 
consists of a chamber (64) with several inlet ports 
at the top (66, 67, 68, 69 and 70) one of which 
contains a filter and is connected to a tube (72) 
5 which terminates near the bottom of the chamber. 
A series of "fingers" (74) is bonded to the end of 
the tube in a radial fashion. At the bottom of the 
chamber is a conical mesh filter (76) below which 
are two outlet ports (80 and 82) and a temperature 
w probe sheath (78). During use, the collected fat 
tissue is introduced into the chamber (64) through 
one of the top inlet ports (66) followed by rinse 
solution (Media 199E, flanks, saline, PBS or other 
physiological buffered solution) through another of 
is the inlet ports (67). A vacuum line, connected to 
another inlet port (68) causes filtered air to enter 
through the center port (69) and tube (72) which air 
bubbles up through the fat mixture creating agita- 
tion. The "fingers" (74). serve to distribute the bub- 
20 bling air to ensure uniform agitation and provide a 
frictionai surface to facilitate break-up of the fat. 
The rinse solution is then drawn out through the 
bottom of the mesh and expelled through one of 
the outlet ports (80) leaving behind fat tissue rela- 
25 tively free of blood. Digestive enzyme solution 
(collagenase. dispase. trypsin, or other tissue dis- 
sociation enzyme) is introduced through another of 
the top inlet ports (70) followed by agitation by 
bubbling. Throughout this process, a temperature 
30 probe (79) inside the probe sheath (78) monitors 
the process temperature and sends feedback to an 
external heat controller within the control box (27). 
When digestion is complete, the digested fat solu- 
tion, rich in microvessel endothelial cells, is drawn 
35 out through the bottom mesh and expelled through 
an outlet port (82) for subsequent processing. The 
mesh (76) retains undigested tissue and large fi- 
brous matter which is discarded with the device. 
The subject device is a closed system which les- 
40 sens the likelihood of contamination and reduces 
the amount of labor and user error. 

The endothelial cell isolation unit (shown in 
Figure 3) separates and isolates the endothelial 
cells from within the digested fat tissue sample. 
45 The components include: centrifuge (33), centrifuge 
shields (31), endothelial cell isolation device (30). 
The endothelial cell isolation device (30) is placed 
into a centrifuge shield and the assembly is placed 
into the centrifuge (33). Centrifugation isolates the 
50 endothelial cells. The endothelial cell isolation de- 
vice (30) is then placed in line with the vascular 
graft processing unit and mounted on the endothe- 
lial cell deposition unit. 

The endothelial cell isolation device is shown in 
55 Figure 7. It consists of a primary chamber (88) 
tapering to a secondary chamber or ampule (90) 
having inlet and outlet ports (92 and 94). In line 
with each port (92 and 94) is a two-position valve 
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(91 and 93). The first position allows communica- 
tion between the primary and secondary chambers. 
The second position allows communication be- 
tween the secondary chamber and the outside port. 
Each valve (91 and 93) is initially turned to the first 
position. Digested fat tissue is introduced through 
the top port (84). The device is then placed into a 
centrifuge and spun. Centrifugation separates en- 
dothelial cells into the ampule (90) the dimensions 
of which are optimized for isolating a "pellet" of 
endothelial cells between the two ports. The valves 
are then turned to the second position isolating the 
"pellet" from the primary chamber (88) above and 
packed red blood cells below. The endothelial cell 
"pellet" may then be flushed out by attaching a 
pressurized line to the inlet port (92) or vacuum 
line to the outlet port (94). The subject device is a 
closed system which maintains sterility and re- 
duces the amount of labor and user error. 

The vascular graft processing unit shown in 
Figure 4 protects, maintains sterility and facilitates 
the processing of the graft during handling, pre- 
wetting and cell deposition. The components in- 
clude: process tube assembly including an inner 
and an outer tube (46), graft, vacuum line/trap 
assembly (44), vortex/mesh assembly (34), auto- 
logous serum/media solution IV bags/sets (36 and 
38). The graft is mounted within the inner tube of 
the process tube assembly. The purpose of the 
outer tube is to maintain sterility of the inner tube. 
The graft is pre-wetted prior to cell deposition by 
drawing the autologous serum/media solution from 
an IV bag, through the vortex/mesh assembly, into 
the lumen of the graft, and out through the graft 
wall until all air is purged from the inner tube of the 
process tube assembly. The graft processing unit 
is then transferred to the endothelial cell deposition 
unit. 

The fully assembled process tube is shown in 
Figure 8. It consists of two major assemblies: inner 
process tube (100) and outer process tube (112) 
(see Figure 9). As shown in Figure 10, the inner 
process tube consists of the following sub-assem- 
blies: vent cap (104), handle cap (108), inner pro- 
cess tube body (102), tunneler (110), tunneler tip 
(106). A graft is threaded through the lumen of the 
tunneler (110) and is attached to the handle cap 
(108) prior to assembly. As shown in Figure 11, the 
outer process tube consists of the following subas- 
semblies: outer process tube body (113), inflow 
endcap (116), outflow endcap (114). in its fully 
assembled form, the process tube assembly serves 
the following functions: it houses, protects and 
maintains sterility of the graft during shipment and 
handling in the operating room; it supports the graft 
and allows fluid access to the graft lumen during 
endothelialization; it breaks down into a sub-assem- 
bly which facilitates implantation of the graft while 



SNSDOCID: <EP 0444270A1_I_> 



protecting the endothelial lining. . During en- 
dothelialization, the inflow endcap of the device 
(116) is connected to a container of endothelial ceil 
suspension, and the outflow endcap (114) is con- 
5 nected to a vacuum source in the control box (27). 
Negative pressure external to the porous graft 
causes the endothelial cell suspension to flow into 
the graft lumen and out through the wall thereby 
filtering endothelial cells onto the inner graft wall. 
10 The filtered solution continues to flow out through 
the holes (111) in the tunneler wall (110) and out of 
the. vent cap (104). During this operation, the de- 
vice may be rotated about its central axis by the 
addition of rotary fittings at the outer process tube 
75 end caps. After endothelialization is complete, the 
inner process tube (100) is removed from the outer 
process tube (112) and the handle cap (108)- 
/tunneler (110)/tip (106) assembly is removed from 
the inner process tube body (102). The graft may 

20 then be "tunneled" through, for example, the pa- 
tient's leg tissue for proper graft placement without 
contacting or disturbing the graft. Once positioned 
the handle cap (108) is detached from the tunneler 
(110) and the tunneler (110) is withdrawn, leaving 

25 the graft in place for the distal anastomosis. An IV 
line containing autologous serum media solution 
may be connected to the handle cap (108) to 
maintain wetting of the graft lumen during surgical 
placement when the distal anastomosis is com- 

30 pleted, the graft is snipped at the proximal end, 
releasing it from the handle cap (1 08) and readying 
it for the proximal anastomosis. 

One embodiment of the endothelial eel! deposi- 
tion unit shown in Figure 4 promotes endothelial 

35 cell deposition onto the lumen of the graft. The 
components include: process tube rotation fixture 
(48) insulated trough (50) heating pad (52) water 
circulator/heater (53). The process tube assembly 
(46) is positioned on the rotation fixture within the. 

40 insulated, trough and wrapped in the heating pad 
which is heated by the water circulator. The cell 
deposition procedure is initiated by using vacuum 
to draw autologous serum/media solution and the 
isolated endothelial cells from endothelial cell isola- 

45 tion device (30). The endothelial cells and auto- 
logous serum/media solution pass through the 
vortex/mesh assembly (34) which breaks up the 
endothelial cell pellet and filters out gross par- 
ticulate. The endothelial cells resuspended in the 

so solution are pressurized into the lumen of the graft 
under a 2.5 to 5.0 psi vacuum at a flow rate of 
approximately 100 cc/minute. The graft filters the 
solution leaving endothelial cells on the luminal 
wall. 

55 During pressurization, and subsequent cell- 

graft association, the graft is rotated about its cen- 
tral axis at a constant rate and maintained at 37° C. 
Ancillary items include: blood collection bag 
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and transfer bag without anticoagulant to be used 
for blood collection and serum separation, the se- 
rum to be used for the make-up of autologous 
serum/media solution and an additional solution IV 
bag filled with autologous serum/media solution 
and an administration set to be used to maintain 
the cells during graft implantation. 

In another, preferred embodiment, shown in 
Figure 14, the outer process tube, the inner pro- 
cess tube body, and vent cap have been elimi- 
nated. As shown in Figure 14, a thumbscrew (101) 
secures the tunneler (103) to the handle (105). The 
vortex/mesh assembly is incorporated within the 
handle (105). The porous graft (115) is shown with- 
in the tunneler (103). The proximal end of the graft 
(115) is secured to the outflow end (117) of the 
handle (105). The distal end of the graft is tied off 
(119). A pointed tip (121) and vent hole (123) are 
located at the distal end of the tunneler (103). 
During endothelialization, the inflow end (125) of 
the handle (105) is connected to a fluid source 
containing a pellet of endothelial cells. The fluid is 
forced under pressure through the vortex (107) and 
mesh (109) to break up the pellet of endothelial 
cells and filter out any large particulates. The en- 
dothelial cell suspension flows into the graft lumen 
and out through the porous wall of the graft (115). 
Endothelial cells are thereby filtered onto the inner 
graft wall. The filtered solution continues to flow out 
through the graft/tunneler annular space and the 
vent hole (123). After an appropriate incubation 
period, the graft may be "tunneled" through, for 
example, the patient's leg tissue for proper graft 
placement without contacting or disturbing the 
graft. Once positioned, the handle (105) is de- 
tached from the tunneler (103) by acting on the 
thumbscrew (101) and the tunneler (103) is with- 
drawn, leaving the graft in place for the distal 
anastomosis. An intravenous. (IV) line containing 
autologous serum media solution may be connect- 
ed to the inflow end (125) of the handle (105) to 
maintain wetting of the graft lumen during surgical 
placement When the distal anastomosis is com- 
pleted, the graft is snipped at the proximal end 
(117), releasing it from the handle (105) and ready- 
ing it for the proximal anastomosis. 

The invention is further illustrated by means of 
the following examples. These examples are meant 
to be illustrations only and are not intended to limit 
the present invention to these specific embodi- 
ments. 

EXAMPLE 1 

Microvascular endothelial cells were isolated 
and deposited on 4mm x 80cm expanded poly- 
tetrafluoroethylene (ePTFE) grafts using both the 
kit and patented methods. After a two hour rotation, 



the grafts were rinsed with media and cut into 8 
sections. PI is where the cells were introduced and 
PS is the opposite end. The graft segments were 
hematoxylin stained and the cells counted using an 
5 automated image analysis system. Figure 12 pro- 
vides the average cell density achieved per section 
on such Gore-Tex® tubular grafts. 

EXAMPLE 2 

10 

Endothelial cell product was prepared and de- 
posited on an ePTFE graft using the kit. A scan- 
ning electron micrograph of the microvascular en- 
dothelial cells deposited on the graft is shown in 

75 Figure 13. The endothelial cell product was consis- 
tently deposited along the entire length of the graft 
with no significant variation in cell concentration. 

As seen from the above a simple, reliable kit 
for producing an endothelialized graft using micro- 

20 vascular endothelial cells is provided. These cells 
are harvested from a patient who is to receive the 
graft and processed through the use of kit which 
isolates those cells to produce cell deposition prod- 
uct, and deposits that product on the surface of a 

25 graft, all under sterile conditions established and 
maintained within the components of the kit 

While the foregoing description has been di- 
rected to the preferred embodiment kit of the 
present invention, those of ordinary skill in the art 

30 in this field will appreciate that various modifica- 
tions can be made in the materials and methods 
described herein without departing from the scope 
of the present invention, which is defined more 
particularly in the claims appended hereto. 

35 

Claims 

1. An endothelial cell deposition device character- 
ized by a means for housing and supporting a 

40 graft during deposition of endothelial cell prod- 

uct onto said graft, and a handling means 
connectable to said housing and supporting 
means and connectable to said graft for com- 
municating with the lumen of said supported 

45 graft and with the external environment so that 

said endothelial cell product is introduced into 
said graft lumen through said handling means 
and for facilitating implantation of said graft. 

50 2. An endothelial cell deposition device according 
to claim 1, further characterized by a surround- 
ing outer process tube for maintaining sterility 
during the cell deposition process. 

55 3. An endothelial cell deposit device according to 
claim 1. characterized in that the handling 
means further comprises a filtering and disper- 
sion means for filtering out large tissue par- 
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tides and dispersing the endothelial ceil prod- 
uct to be deposited on said graft. 

4. An endothelial cell deposition kit comprising an 
endothelial cell deposition device; and a 5 
means to maintain the sterility of said endothe- 
lial cell deposition device during endothelial 

cell product deposition. 

5. An endothelial cell deposition kit of claim 4, ro 
wherein said endothelial cell deposition device 
comprises: 

a means for housing and supporting a 
graft during deposition of endothelial ceil prod- 
uct onto said graft; and '5 

a handling means connectable to said 
housing and supporting means and connec- 
table to said graft for communicating with the 
lumen of said supported graft and with the 
external environment so that said endothelial 20 
product is introduced into said graft lumen 
through said handling means and for facilitat- 
ing implantation of said graft. 

6. An endothelial cell deposition kit according to 25 
claim 5, characterized in that the housing and 
supporting means has a pointed tip to facilitate 
graft placement. 

7. An endothelial cell deposition kit according to 20 
claim 5, characterized in that the housing and 
supporting means has a means to vent excess 
endothelial cell product during the endothelial 

cell product deposition process. 



An endothelial cell deposition kit according to 
claim 5, characterized in that the housing and 
supporting means is sufficiently malleable to 
conform to a patient's tissue to facilitate graft 
placement and sufficiently rigid to remain sta- 
ble during graft placement. 



35 
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11. An endothelial cell deposition kit according to 
claim 4, characterized in that the means to 
maintain sterility comprises a surrounding pro- 
cess pouch through which said endothelial cell 
deposition device communicates with the ex- 
ternal environment. 

12. An endothelial cell deposition kit according to 
claim 4, characterized in that the means to 
maintain sterility comprises a process tray. 



An endothelial cell deposition kit according to 
claim 4, characterized in that the means to 
maintain sterility comprises a surrounding out- 45 
er process tube through which said endothelial 
cell disposition device and communicates with 
the external environment 



10. An endothelial cell deposition kit according to so 
claim 9, characterized in that the outer tube 
comprises a tube body, a proximal end cap 
connectable to said tube body having an inlet 
means and a communicating outlet means 
connectable to said endothelial cell deposition 55 
device, a distal end cap connectable to said 
tube body, and a venting means. 
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